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(57) ABSTRACT

Methods and systems for tracking a package within an area
obtain package identification information from a scannable
medium associated with the package and image information
of the area acquired by an optical sensing device. Image
processing detects the presence and location of an object in
the area that matches the package based on a comparison of
the package identification imformation obtained from the
scannable medium with the 1image information of the area
acquired by the optical sensing device. The package 1is
registered as being present in the area at the location of the
detected object 1n response to detecting a match between the
object and the package.
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1

PACKAGE TRACKING SYSTEMS AND
METHODS

RELATED APPLICATIONS

This application 1s a continuation of U.S. patent applica-
tion Ser. No. 15/091,180 filed Apr. 5, 2016, titled “Package
Tracking Systems and Methods,” which claims the benefit of
and priority to U.S. provisional application No. 62/143,332,
filed Apr. 6, 2013, titled “Package Tracking System using
Sensors,” and to U.S. provisional application No. 62/221,
855, filed Sep. 22, 2015, taitled “Package Tracking System
using Sensors,” the entireties of which applications are
incorporated by reference herein.

FIELD OF THE INVENTION

The invention relates generally to systems and methods of
tracking packages and other assets.

BACKGROUND

The shipping of packages, including, but not limited to,
letters, parcels, containers, and boxes of any shape and size,
1s big business, one that grows annually because of online
shopping. Every day, people and businesses from diverse
locations throughout the world ship millions of packages.
Efficient and precise delivery of such packages to their
correct destinations entails complex logistics.

Most package shippers currently use barcodes on pack-
ages to track movement of the packages through their
delivery system. Each barcode stores information about 1ts
package; such mformation may include the dimensions of
the package, 1ts weight and destination. When shipping
personnel pick up a package, he or she scans the barcode to
sort the package appropriately. The delivery system uses this
scanned information to track movement of the package.

For example, upon arriving at the city of final destination,
a package rolls off a truck or plane on a roller belt. Personnel
scan the package, and the system recognizes that the pack-
age 1s at the city of final destination. The system assigns the
package to an appropriate delivery truck with an objective of
having delivery drivers operating at maximum efliciency. An
employee loads the delivery truck, scanning the package
while loading 1t onto the truck. The scanning operates to
identily the package as “out for delivery”. The driver of the
delivery truck also scans the package upon delivery to notily
the package-delivery system that the package has reached its
final destination.

Such a package-delivery system provides discrete data
points for tracking packages, but it has 1ts weaknesses: there
can be 1nstances where the position or even the existence of
the package 1s unknown. For example, a package loader may
scan a package for loading on delivery truck A, but the
package loader may place the package erronecously on
delivery truck B. In the previously described package-
delivery system, there 1s no way to prevent or quickly
discover this error.

Further, package-delivery systems can be ineflicient.
Instructions often direct the person who 1s loading a delivery
truck to load 1t for optimized delivery. This person 1s usually
not the delivery person. Thus, his or her perception of an
cilicient loading strategy may differ greatly from that of the
person unloading the vehicle. Further, different loaders may
pack a vehicle differently. Additionally, the loader may toss
packages into the truck or misplace them. Packages may also
shift during transit. Time expended by drivers searching for
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packages 1n a truck 1s expended cost and an 1ne
financially impacts the shippers.

Industry has made attempts to track packages efliciently.
One such attempt places RFID (Radio Frequency Identifi-
cation) chips on the packages. Such a solution requires
additional systems and hardware. For instance, this solution
requires the placement of an RFID tag on every package and
the use of readers by package loaders or the placement of
readers throughout the facility to track packages.

Ticiency that

SUMMARY

All examples and features mentioned below can be com-
bined in any technically possible way.

In one aspect, a method for tracking a package within an
area comprises obtaining package 1dentification information
from a barcode on a package, acquiring image information
of the area, detecting a presence and location of an object 1n
the area that matches the package based on a comparison of
the package identification imformation obtained from the
barcode with the image information of the area obtained by
the optical sensing device, and registering the package as
being present in the area at the location of the detected object
in response to detecting a match between the object and the
package.

In another aspect, a method of loading of a package into
an area comprises determining package i1dentification infor-
mation from a scannable 1mage associated with a package,
acquiring three-dimensional (3D) image information of an
area, determining a location 1n the area for placement of the
package based on the package 1dentification information and
the 3D 1image information, and providing an indicator of the
location 1n the area determined for placement of the pack-
age.

In still another aspect, a method of loading of a package
into an area comprises determining a destination of a pack-
age 1o be transported based on package 1dentification infor-
mation obtained from a scannable 1mage associated with the
package, designating the package for loading on a given
delivery vehicle based on the determined destination, asso-
ciating the given delivery vehicle with a particular color, and
illuminating the package with light of the particular color
associated with the given delivery vehicle to guide loading
of the package onto that delivery vehicle.

In one aspect, a package tracking system for use with a
delivery vehicle comprises memory storing package 1denti-
fication information relating to a package that 1s to be loaded
on the delivery vehicle. At least two optical sensing devices
are positioned 1n the delivery vehicle to view an area inside
of the delivery vehicle. An 1image processor 1s 1n commu-
nication with the at least two optical sensing devices. The
image processor 1s configured to detect a presence and
location of an object loaded 1n the area 1nside of the delivery
vehicle and to determine information about the object. The
image processor compares the stored package identification
information to the information determined about the object,
to determine 11 the stored package identification information
substantially matches the information determined about the
object.

In another aspect, a package tracking system comprises at
least one camera disposed 1n a delivery vehicle and config-
ured to view an area inside of the delivery vehicle. At least
one depth sensor 1s disposed in the delivery vehicle and
configured to view the area inside of the delivery vehicle. An
image processor 1s in communication with the at least one
camera and the at least one depth sensor. The 1mage pro-
cessor 1s configured to generate three-dimensional image
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information of the area based on two-dimensional 1images of
the area received from the at least one camera and depth
images of the area received from the at least one depth
sensor. The 1image processor 1s further configured to deter-
mine a location of a package in the area based on the
generated three-dimensional image information and package
identification information associated with the package.

In still yet another aspect, a package tracking system
comprises at least one camera disposed 1n a delivery vehicle
and configured to view an area of the delivery vehicle. At
least one depth sensor 1s disposed 1n the delivery vehicle and
configured to view the areca. An i1mage processor 1s 1n
communication with the at least one camera and the at least
one depth sensor. The image processor 1s configured to
generate three-dimensional 1mage information of the area
based on two-dimensional images of the area received from
the at least one camera and depth 1images of the area received
from the at least one depth sensor. The 1mage processor 1s
turther configured to determine a location for placement of
a package 1n the area based on the generated three-dimen-
sional 1image information and package identification infor-
mation associated with the package.

In yet another aspect, a real-time package tracking system
comprises at least one optical sensor configured to capture
images continuously within a field of view of an area, and
an 1mage processor i communication with the at least one
optical sensor to receive therefrom captured images. The
image processor 1s configured to detect and 1dentily, 1n real
time, an object entering 1nto or leaving the field of view
based on the received captured 1images.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and further advantages of this invention may
be better understood by referring to the following descrip-
tion in conjunction with the accompanying drawings, in
which like numerals indicate like structural elements and
features 1n various figures. The drawings are not necessarily
to scale, emphasis 1nstead being placed upon illustrating the
principles of the invention.

FIG. 1 1s a view of an embodiment of a package tracking
system.

FIG. 2 1s a diagram of an example implementation of the
package tracking system within a delivery system.

FIG. 3 1s a flow diagram of an embodiment of a process
for general package tracking.

FIG. 4A 1s a diagram 1illustrating an example of a match
between a detected package and a scanned package.

FIG. 4B 1s a diagram 1illustrating an example of a mis-
match between a detected package and a scanned package.

FIG. 5 1s a flow diagram of an embodiment of an
image-processing process for identitying and matching a
package.

FIGS. 6A, 6B, and 6C together are a flow diagram of an
embodiment of an 1mage-processing process that uses depth
information to track a package.

FI1G. 7 1s a diagram of embodiments of a package tracking
system that uses radio frequency position determinations 1n
conjunction with optical tracking.

FIG. 8 1s a schematic for an embodiment of a package
tracking system.

DETAILED DESCRIPTION

Package tracking systems described herein actively track-
ing packages continuously. Advantageously such systems
may not require major alterations in personnel behavior and
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can be mmplemented with low hardware cost. In general,
these systems employ cameras, depth sensors, or other
optical sensors (herein referred to generally as cameras) to
track packages, objects, assets, or items (herein referred to
generally as packages). The cameras are placed 1n or adja-
cent to the holding area for the packages, for example, the
cargo bay of a delivery vehicle or a package room. One or
more cameras can also be situated near a package conveyor
or roller belt, to track the movement of packages optically
betore the packages are placed mto a holding area. A
package barcode 1s scanned 1n conjunction with 1t being
moved 1nto the holding area. As used herein, a barcode 1s
any readable or scannable medium, examples of which
include, but are not limited to, an electronic, magnetic,
optical, electromagnetic, infrared, or semiconductor media,
or any suitable combination thereof. Package identification
information about the package 1s determined from scanning
the package barcode. Such package identification informa-
tion typically includes dimensions, weight, contents or other
information that may be utilized to detect and track the
package.

An 1mage processor analyzes the video stream from the
cameras associated with the holding area to detect the
presence of the package(s) contained within. When a pack-
age 1s 1dentified, the image processor determines if the
package corresponds to the package data derived from the
package barcode. If the package barcode data and package
image data match with a high degree of confidence, the
system marks the package as existing within the camera area
of coverage (e.g., within the delivery vehicle). Any user that
thereafter views a stream of the camera view or a static
image ol the packages inside the holding area may receive
an overlay that identifies the packages contained therein and
their precise location.

A package tracking system can also employ one or more
guidance mechanisms (e.g., audible, visual) to guide place-
ment of a package into a holding area or to bring attention
to the present location of a package (e.g., for purposes of
removal).

FIG. 1 shows a view of one embodiment of a package
tracking system 100 deployed mm a tracking area 112.
Example embodiments of the tracking area 112 include, but
are not limited to, the cargo bay of a delivery truck or
water-going vessel, a storage room, and a warehouse. For
illustrative purposes, the tracking area 112 includes a plu-
rality of shelves 114-1, 114-n (generally, shelf or shelves
114), and on the shelves 114 are packages and/or assets
116-1, 116-2, 116-3, . . . 116-r (generally, package 116).

Shipper systems typically identily and track packages 116
using barcodes. A barcode 1s placed on a package 116 when
the shipper takes possession of the package. The barcode
includes package 1dentification information about the pack-
age, mncluding the package dimensions, 1dentification num-
ber, delivery address, shipping route and other data. The
term barcode 1s to be broadly understood herein to include
images or markings on a package that contain information or
data (coded or otherwise) pertaining to the package. The
barcode on the package 1s mitially scanned into the system
100 with a scanner 124.

In general, the scanner 124 may be optical, magnetic, or
clectromagnetic means, depending on the type of barcode on
the package. The scanner 124 may be a conventional bar-
code scanner or a smart phone or tablet-like device. The
form factor of the scanner 124 1s not limiting. Example
embodiments of the scanner 124 and techmiques for wire-
lessly tracking the scanner 124 are described 1n U.S. patent

application Ser. No. 14/568,468, filed Dec. 12, 2014, tatled
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“Tracking System with Mobile Reader,” the entirety of
which 1s 1incorporated by reference herein.

The system 100 includes an optical system. In this
embodiment, the optical system includes four optical sen-
sors represented by cameras 118-1, 118-2, 118-3, and 118-4
(generally, camera 118). Each camera 118 has a field of view
120 covering a portion of the area within which the packages
116 lie (to simplity the illustration, only one field of view 1s
shown). An appropriate number of cameras 118 can be
mounted inside the tracking area 112 i such a way to
provide a complete field of view, or at least a functionally
suflicient field of view, of the area 112, and, 1n some cases,
ol an area outside the area 112 (e.g., a conveyor belt moving
the packages prior to loading). Before the system 100 begins
to operate, each camera position 1s fixed to ensure the
camera(s) cover the tracking area 112. The exact position
and number of cameras 118 1s within the discretion of the
system designer.

The camera 118 may be a simple 1mage or video capture
camera 1n the visual range, an infrared light detection sensor,
depth sensor, or other optical sensing approach. In general,
this camera enables real-time package tracking when the
package 1s within the camera’s area of coverage. The area of
coverage 1s preferably the shelves 114 and tracking area 112.
In some 1nstances, the field of view can extend beyond the
tracking area 112, to ensure that the packages scanned
outside the tracking area 112 correspond to those packages
placed inside the tracking area 112.

In addition, each camera 118 1s 1n communication with a
processor 122 (CPU 122), for example, a DSP (digital signal
processor) or a general processor of greater or lesser capa-
bility than a DSP. In one embodiment, the CPU 122 is a
Raspberry P1. Although shown as a single CPU within the
tracking area 112, the processor 122 can be a processing
system comprised of one or more processors inside the
tracking area, outside of the tracking area, or a combination
thereol. Commumnication between the cameras 118 and the
CPU 122 1s by way of a wired or wireless path or a
combination thereof. The protocol for communicating
images, the compression of 1mage data (1f desired), and the
image quality required are within the scope of the designer.

In one embodiment, the cameras 118 are video cameras
running 1n parallel, and the cameras simultaneously provide
images to the CPU 122, which performs an image process-
ing solution. For this approach, the images are merged into
a pre-determined map or layout of the tracking area 112 and
used like a panorama. (Alternatively, or additionally, the
CPU 122 can merge the images into a mosaic, as described
in more detail below). The camera 1images are synchronized
to fit the map and operate as one camera with a panorama
view. In this embodiment, two (or more) cameras capture
two different perspectives and the CPU 122 flattens the
images by removing perspective distortion 1n each of them
and merges the resulting 1image 1nto the pre-determined map.

An 1mage stitching process usually first performs 1image
alignment using algorithms that can discover the relation-
ships among 1mages with varying degrees of overlap. These
algorithms are suited for applications such as video stabili-
zation, summarization, and the creation of panoramic mosa-
ics, which can be used in the images taken from the cameras
118 (i.e., optical sensors) 1n the described system.

After alignment 1s complete, image-stitching algorithms
take the estimates produced by such algorithms and blend
the 1mages in a seamless manner, while taking care of
potential problems, such as blurring or ghosting caused by
parallax and scene movement as well as varying image
exposures 1side the environment at which the cameras are
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placed in. Example image stitching processes are described
in “Image Alignment and Stitching: A Tutorial”, by Richard
Szeliski, Dec. 10, 2006, Technical Report, MSR-TR-2004-
92, Microsoit Research; “Automatic Panoramic Image
Stitching using Invariant Features,” by Brown and D. Lowe,
International Journal of Computer Vision, 74(1), pages
59-73, 2007; and “Performance FEvaluation of Color Cor-
rection Approaches for Automatic Multiview Image and
Video Stitching,” by Wer Xu and Jane Mulligan, In Intl.
- on Computer Vision and Pattern Recognition

Cont
(CVPR10), San Francisco, CA, 2010, the teachings of which

are incorporated by reference herein in their entireties.

In an alternative embodiment, a mosaic approach may be
utilized to integrate camera images. In this embodiment, one
camera 118 1s used for a certain area, a second (or third or
fourth) camera 118 1s used for another area, and a handoil 1s
used during the tracking, with the images from cameras 118
being run in parallel on the CPU 122. In a mosaic, like a
panorama approach, image data from the multiple cameras
(or from other sensors) are merged into the map of the
tracking area 112 (e.g., truck, container, plane, etc.) with
cach viewpoint designated for the area that 1s seen by the
camera 18. It will be recognized that 1n both embodiments,
a handofl 1s made when objects move from one viewpoint to
another or are seen by one camera and not the others. These
handoils may be made using the 1mages running 1n parallel
on the cameras 118, with the package placement and move-
ment determined by the CPU 122 using whichever camera
has the best view of the package 116.

In an alternative embodiment, if the system 100 1s using
depth sensors, the 1mage stitching operation can be omaitted
and each camera stream data 1s processed independently for
change, object detection and recogmition. Then, the result
“areas ol interest” are converted to individual point clouds
(described further in connection with FIG. 6C) and trans-
formed in to a single common coordinate system. The
translation and rotation transtormations used for this process
are based on the camera sensors position and orientation 1n
relations with each other. One camera 1s picked as the main
sensor and all other camera data 1s transformed 1nto the main
coordinate system, achieving the same end result as the
image stitching procedure, namely, umfication of package
coordinates between sensors.

In one embodiment, the image processing i1s performed by
the CPU 122. Alternatively, 1f bandwidth 1s not a significant
concern, the image data can be transierred to a central server
(FIG. 2) and image processing may be performed by the
central server. Those of ordinary skill 1n the art will recog-
nize that any controller, CPU, graphics processor or other
computing device capable of processing image data to
perform the image analysis described herein may be utilized.

The mmage processing CPU 122 creates the aforemen-
tioned map of the tracking area 112 under surveillance.
Locating the shelves 114 assists the image processor 112
identification edge locations of packages 116. Further, a
prior1 calculation of the distance of each camera 18 from
shelves 114 assists 1n properly calculating package dimen-
sions. In one embodiment, a single reference dimension 1s
needed and dimensions of a tracked asset 116 can be
determined at any position in space relative to the known
dimension. In case of image or video cameras only, a
dimension reference has to be related to position in the
tracking area 112 (1.e., the length and depth of the shelves are
known, thus the dimensions of a package placed on these
shelves can be determined 1n relation with these shelves). In
this embodiment, pixel count or vector distances of contours
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ol these pixels can represent the package 116 and be used to
help determine relevant package dimension data.

FIG. 2 shows an example of an implementation of the
package tracking system 100 (FIG. 1) within a delivery
system 200. For 1llustration purposes, the delivery system
200 1ncludes multiple delivery vehicles 202-1, 202-» (gen-
erally, 202) and scanners 124-1, 124-n (generally, 124) used
by personnel to obtain package i1dentification information
from packages. Although shown in FIG. 2 as trucks, a
delivery vehicle 202 may be any form of transport, includ-
ing, but not limited to, an airplane, automobile, van, sea-
going vessel, train, airplane baggage cart. The delivery
vehicles 202 and scanners 124 are 1n communication with a
central server (or servers) 204 over communication connec-
tions 206. The server 204 (or servers) can be cloud based,
meaning that a provider of the server 204 makes applica-
tions, services, and resources available on demand to users
over a network (e.g., the Internet). The communication
connections 206 may be established using any type of
communication system including, but not limited to, a
cellular network, private network, local network, wired
network, wireless network, or any combination thereof.

The scanners 124 are in communication with the central
server 204, either continuously or through data dumps, to
transier package identification information when a barcode
on a package 1s scanned and the location. Typically, the
location of the scanner 124 1s generic (e.g., “Atlanta™).

Each delivery vehicle 202 includes a tracking area 112,
containing packages 116, and a processor 122. Each delivery
vehicle 202 may have a GPS system (FIG. 7) for use in
directing and tracking the vehicle 202. The cloud-based
server 204 (or a central controller, not shown) 1dentifies the
appropriate shipping route, and the next appropriate delivery
vehicle, 1 any. The delivery vehicles 202 may also commu-
nicate data (e.g., package i1dentification information) to the
central server 204. The transier of data between the vehicles
202 and the central server 204, like the scanners, can be
continuous or intermittent (e.g., data dumps). Based on such
communications, the central server 204 not only can track
the delivery vehicles 202, but also the progress of the
packages 116 they carry through the shipping route. The
central server 204 can use the package 1dentification infor-
mation to notify the driver of the next appropriate delivery
vehicle, through the scanner of the driver, to expect the
package.

FIG. 3 shows an embodiment of a process 300 for general
package tracking. For purposes of illustrating the process
300 by example, reference 1s made to the delivery vehicle
202-1 and other elements of FIG. 2. Belore loading a
package 116-1 onto the delivery vehicle 202-1, a loader uses
a scanner 124-1 to scan (step 302) a barcode associated with
the package 116-1. The scanner 124 transmits (step 304) the
barcode (package identification) information to the image
processing CPU 122 of the delivery vehicle 202-1 or to the
central server 204, which can then transmit the data to the
CPU 122. Transmission of this information may be by
Bluetooth, WIFI or other communication protocols, wired or
wireless. By receiving the barcode information (e.g., 1den-
tification number, size, color) describing the package 116-1,
the 1image processing CPU 122 becomes notified (step 306)
of the package 116-1 and expects this package 116-1 to be
subsequently loaded onto the delivery vehicle 202-1. A
loader places (step 308) the package 116-1 on a shelf of the
vehicle 202-1. Light-based guidance may be used to direct
the loader to the particular vehicle 202-1 upon which to load
the package, the particular location on the shelf where to
place the package 116-1, or both.
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The mmage processing CPU 122 detects (step 310) the
presence of the package 116-1, as described 1n more detail
in connection with FIG. 5. The image processing CPU 122
then attempts to 1dentily (step 312) the detected package as
that package expected to be loaded (i.e., from step 306)
Identitying the package 116-1 generally entalls comparing
certain visible characteristics of the package 116-1 to certain
barcode information obtained during the scanning operation.
In one embodiment, the size of the package measured using
the camera(s) 118 of the delivery vehicle 202-1 1s compared
to the expected package dimensions as read from the bar-
code. In another embodiment, the image processor 122
registers the package 116-1 by virtue of the package 116-1
being the first package detected after notification (at step
306) of the package 116-1 being scanned. In such an
instance, the image processor 122 can register the package
116-1 by associating image data captured by the camera(s)
with the 1dentification number read from the barcode of the
detected package 116-1.

FIG. 4A shows an example of when such a comparison
produces a match, thereby signifying a high level of confi-
dence that the appropriate package was loaded on the
delivery vehicle 202-1. In this example, the scanned barcode
data identify the package 116-1 to be loaded as having
package dimensions of 10" by 20". The images captured by
the camera(s) 118 on the delivery vehicle 202-1 indicate that
a package with dimensions of 9.8" by 19.7" was loaded on
the delivery vehicle 202-1. The image processing CPU 122
1s configured to consider the differences between the dimen-
sions of the captured 1mages and the dimensions according
to the barcode data to fall within acceptable criteria for
declaring a match.

FIG. 4B shows an example of when a comparison does
not produce a match. In this example, a 10" by 20" package
1s scanned, but subsequent 1mage capture data shows that a
7.4" by 12.3" package was loaded onto the delivery vehicle
202-1. The image processing CPU 122 can be configured to
consider the differences between the dimensions to be too
great to consider the detected package as a match to the
scanned package.

Retferring back to FIG. 3, if the data captured by the
barcode scanner matches (within a predetermined threshold)
the package 1image data captured by the camera 118, a match
occurs. The matched package 1s not only marked or 1denti-
fied 1n real time as being within the delivery vehicle 202-1,
but also the exact location of the package 116-1 in the
vehicle may be made continuously available to the central
server 204, loader, driver or anyone else with access to the
system 200. This imformation, which may be referred to
hereafter as package location data, can be stored on memory
associated with the image processing CPU 122. Package
location data includes the dimension information detected
for the matched package associated with the location of the
package within the delivery vehicle 202-1. More specifi-
cally, the image processing CPU 122 may overlay the
initially created vehicle map with the package identification
information in the corresponding location. If communica-
tions allow, marked package location data may be stored in
memory at other locations, including (or additionally) 1n the
central server 204.

As stated previously, the image processing CPU 122
includes wireless communication (commonly Bluetooth,
Wi-F1, or other communication methods and protocols suit-
able for the size of the area of coverage of the camera). The
image processing CPU 122 continuously receives (step 314)
real-time views captured by the cameras 118 1n the delivery
vehicle 202-1. Because the location of the matched package
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1s stored in memory of the image processing CPU, the
real-time 1mage data from the camera 118 1s streamed to a
handheld or fixed or mounted view screen to show the live
view of the package overlaid with augmented reality mark-
ings identifying the package. The image processing CPU
122 continuously monitors and tracks (step 314) within the
vehicle 202-1 until motion of an object 1s detected (step
316). In response to the detection of motion, the process 300
returns to detecting packages at step 310.

Implications of such real-time tracking can be appreciated
by the following illustration. A driver entering the delivery
vehicle 202-1 may not and need not have any personal
knowledge of what packages were loaded where 1n the
vehicle. Instead, the driver carries a view screen (often in the
form of a handheld tablet, smartphone, or scanner) that
displays a stream of one of the cameras 118 in the cargo bay
of the vehicle 202-1. The image appearing on the view
screen 1ncludes marks identifying various packages. A mark
may be a box around the live view of the package with text
stating the package name, 1dentifier, intended addressee or
most eflicient package 1dentifier. Upon arriving at a stop for
an 1mtended package addressee, for example Mr. Jones, the
driver can walk to the back of the delivery vehicle. The
system 200 may automatically display the package(s)
intended for delivery to Mr. Jones using highlighting or
demarcating for easy location. Alternatively, the driver can
search the image data on the view screen for markings
labeled “Jones™ and such packages are be demarcated on the
view screen for easy location. In addition, the system 200
may employ light-based guidance to show the drniver the
location of the package.

In some embodiments, multiple live streams of the cargo
in a vehicle are available, with one camera (e.g., 118-1 of
FIG. 1) covering one area ol the cargo bay and another
camera (e.g., 118-2 of FIG. 2) covering another area of the
cargo bay. The system 200 can thus quickly and eflectively
permit a loader or delivery person who enters the cargo area
to locate a package using the camera stream overlaid with
package marking (location). For a person using a tablet
viewing the cargo area, the “video stream” 1n one embodi-
ment can be a static image of the delivery vehicle sent from
the 1mage processing CPU. Since the central map of the
delivery vehicle can be used for positioming the packages,
that central map, with the location of each package of
interest, 1s what 1s used for viewing on a device.

FIG. 5 shows an embodiment of an image-processing
process 500 for identifying and matching a package. In a
description of the process 500, reference 1s made to elements
of FIG. 1. At step 502, color data (e.g., RGB) for at least two
image Iframes (N and N-1) are acquired from a camera 118.
The color data 1s converted (step 504) to grey scale data for
the at least two 1mage frames. Those of ordinary skill 1n the
art are familiar with producing grey scale data from color
1mage Sensors.

At step 506, an absolute difl

erence 1s determined across
the two 1mages to detect the presence of new objects. To
quicken the processing, threshold detection (step 508) may
be utilized to detect regions of interest. In addition, in those
regions of interest data may be filtered (step 510) to limit the
amount of data processed. After filtering, threshold detection
(step 512) may be utilized on the filtered data.

At step 514, 1f no changes between the grayscale images
are found, this indicates a high probability of no new
package being located; the system 100 does not 1dentily or
mark a package. For instance, the loader may not have
moved or loaded a package, or a new package cannot be
located. The system 100 then acquires (step 502) the next

10

15

20

25

30

35

40

45

50

55

60

65

10

temporal two frames (N and N+1). Sampling frequency may
be continuous or at regular intervals according to designer
preference, available processing power, and bandwidth.

If a change 1n the images (N and N-1) 1s detected at step
514, further analysis occurs. For example, the change
detected by the system 100 may be the detection of the
presence of the loader in the image. Alternatively, i1 changes
in the 1images are indicative of a package moving, the image
processing CPU 122 also continues to work on the current
image data (frame N and N-1).

Those of ordinary skill 1n the art will recognize that a
variety of images may be compared to determine loading or
movement of a package. For example, an N ‘current frame’
and N-X ‘previous frame’ may be tested for motion, where
X 1s greater than 1, and 11 motion occurs then the N-X frame
(before motion occurred) may be saved as a background
frame for later processing in comparison to a more recent
image frame (1.¢., a new N ‘current frame’). After motion 1s
stopped, the background frame and a new N current frame
are used for package location and i1dentification.

Whenever a new package 1s located, the package 1s to be
identified. In one embodiment, the 1image processing CPU
122 uses edge detection to determine (step 516) the dimen-
sions of the package. Objects that are not compatible with
being a package are filtered at this point. For example, if an
object size 1s less than the smallest possible package, the
object 1s 1ignored. The system 100 can also filter other objects
of a si1ze, dimension, or location that do not correspond to a
package (e.g., the loader or a clipboard or tablet carried by
the loader).

Various metrics may be utilized in addition to or conjunc-
tion with those described above to aid 1n identifying a
package. For example, any object placed on a shelf (mapped
as described above) may be weighted logically so as to be
presumed to be the last scanned package. The package size,
color (1f cameras are color), contours or other distinguishing
characteristics may be compared to any data captured by the
barcode scanner. As previously described, when a package
barcode 1s scanned, the system 100 expects that the next
package detected will match the scanned package. Reliance
on this assumption 1s accurate provided loaders handle
packages sequentially, that 1s, a barcode of a package 1s
scanned and then that package 1s sorted and moved appro-
priately. This a priorn1 knowledge facilitates package identi-
fication.

At step 518, the package dimensions are used to match the
package to the scanned barcode data, as described previ-
ously 1n connection with FIG. 3. The size of a package as
determined from image data 1s compared to the predicted
package size based on barcode-scanned data to determine a
package match. If the match occurs, the system 100 marks
(step 520) the loaded package as i1dentified as described 1n
more detail below. The system 100 provides a cue to anyone
entering the cargo area of a delivery vehicle as to the
location and 1dentification of packages kept within.

In addition to view screens, other package location i1den-
tification methods can be used to improve the locating
process. For example, as a vehicle arrives at the destination
address for the delivery of a certain package, a light pro-
jector (LED, laser or other) can be used to shine focused
light, or a particular color light, on the location of the
package within the cargo area to show the delivery person
exactly where the “matched” package 1s 1n the vehicle. The
focused light can be altered to change colors, blink, flash, or
shine a pattern to signal additional information to the
delivery person, for example, priornities of delivery and
warnings of weight, or to signily that the package of interest
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1s behind or under another package. Information 1s directly
overlaid on the package that to be picked up, without
needing any other screen or sound interface that might
consume time to read or hear and consequently prolong the
delivery process.

The above discussion assumes that a package that 1s
scanned 1s relatively quickly matched to a package placed 1n
the delivery vehicle. However, there may be instances where
no match occurs or where a delay in matching occurs. This
may occur 1i the package 1s loaded on the wrong truck, the
driver scans one package but loads a different package, the
driver tosses a package into the truck but not within video
coverage (e.g., the package 1s occluded from view) or the
driver’s body occludes video coverage of a package.

In such situations, an embodiment of the system 100
requires a deliverable (1.e., a particular outcome) after a
package 1s scanned. For example, 1f no package 1s detected
that matches the scanned package, the system 100 may
disallow further packages from being scanned, the system
100 may mark the package as scanned but unidentified, 1ssue
a warning to the loader, notily a central server of an
unidentified package, or any combination thereof. The sys-
tem designer may choose how rigidly to require package
identification and processing (1.e., no further scanning until
the package 1s appropnately tracked or just marking the
package as scanned but with an unconfirmed loading status).

In some situations, a package may be loaded without
having been scanned. This may be a loader error, where the
loader places the package on the wrong truck, or may be
intentional as in the case of theft. In these situations, the
image processing CPU 122 still recognizes the existence of
a loaded package, but there will be no “match” of the loaded
package to a scanned package. Such a package may be
“marked” in 1image streams as “unidentified”, instead of with
data 1dentifying the package, and the system may issue a
“warning”’ to the loader (visual/auditory or other) that an
unidentified package i1s 1 the vehicle. The warnings may
allow the loader (or driver) to correct the 1ssue by scanning
the package, placing the package i the camera view and
producing an appropriately matched package. Alternatively,
the system 100 may be constructed to disallow further
scanning of packages if such errors occur, may issue warn-
ings, may send the errors to the central server, or any
combination thereof. In one example of an unmidentified
package being loaded 1nto a delivery vehicle, the driver upon
first entering the delivery vehicle may receive a notice that
300 packages have been loaded 1n the vehicle, but that one
of the packages 1s “unidentified”. The driver’s tablet can
show the location of the unidentified package, and remedial
action may be suggested to, or required from, the driver.
Alternatively, a distinct light (i.e., red light) may be directed
onto the location where the unidentified package rests.

Detection of a package may be delayed or mhibited by
occlusion of the field of view (such as the loader’s body or
another package). Through prediction from threshold detec-
tion from the loader position 1nside the vehicle cargo area
and the vehicle cargo area map already stored by CPU 122,
the system 100 can compare the known map of the vehicle
cargo space before the loader enters with a package with the
new map of the vehicle cargo space after the loader places
a package 1n the cargo area to determine the location of the
package. Thus, even 1f the loader’s body temporarily
occludes optical tracking as the package 1s placed inside the
cargo arca, the package can be located, identified, and
matched by using image frames after the loader leaves the
cargo area to frames before the loader entered the cargo area.
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In one embodiment, the system 100 performs the process
500 to track packages continuously after they have been
scanned, loaded, and “matched”. The process 500 enables
tracking of matched packages within an area of coverage
alter a package has been identified (“marked”). Specifically,
alter a package 1s loaded and marked 1n one place, the image
processing CPU 122 can regularly (or continuously) perform
the same (or similar) threshold detection to search for a
“change™ at the location of interest. This accounts for object
movement during transport.

In this scenario, the system 100 has i1dentified packages
within the area of coverage and no new packages have been
scanned. This may represent when the driver 1s driving the
vehicle to a destination. If the image processing CPU 122
detects a change at or near a package location, a tracking
subroutine 1s invoked. The detection of a change may
comprise an 1mage absolute difference comparison between
frames as previously described with respect to detailed
image processing. The processor 122 analyzes the location
of the package within the image at which the change
occurred and determines 11 the package at that location still
matches the data for the package captured ofl the barcode. IT
the match 1s 1dentical, the system 100 may continue to label
the package as corresponding to the package scanned and
placed at that location.

If, however, no package 1s detected at the location or 1f the
package dimensions do not match the expected package
dimensions with a high level of confidence, the image
processor 122 searches for an “umidentified” package that
matches the moved package dimensions. When the match-
ing package 1s located, its overlay marking on the cargo
system 1s updated to display the new package location.

The above ability to i1dentily movement of previously
located packages 1s particularly valuable in delivery
vehicles. Drivers often shift packages forward 1n the vehicle
during the delivery day to make packages accessible. By
monitoring known package locations and tracking the move-
ment of a package to a new location, the system 100
maintains a real time map of package locations.

In another embodiment, the system 100 can be configured
to reduce potential human loading errors that occur from a
breakdown of a sequential loading pattern of scanning a
package then loading that package immediately into truck.
This reduction may be achieved by, for example, providing
additional scanners over the delivery vehicle loading doors
to scan bar codes automatically as packages are placed 1nto
the vehicle. Such a system can guarantee that the packages
scanned are the packages loaded into the truck. After a
package 1s scanned, it 1s also viewed by the optical sensors
in the vehicle; that direct and almost simultaneous registra-
tion improves package i1dentification.

In another embodiment, the system 100 can alternatively
provide continuous, real time tracking, albeit with more
complicated i1mage processing. In such a system, for
example, a person (loader, driver, etc.) may be 1dentified and
the system may detect objects located in the vicinity of the
hands of the person to determine 1t the object matches the
package expected to be loaded. Further, an algorithm for
identifying a package or its unique identifier (size, color,
ctc.) may be tailored to specific environments or hardware.
The tradeofl of such a full real-time tracking system 1is
increased system complexity.

In another embodiment of the system 100, an augmented
reality (“AR”) real time video view may be presented to the
loader/driver. For AR video 1n real time, a single perspective
1s shown of the vehicle cargo map with those designated
packages needing to be taken being highlighted or Iit. The
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user may view one perspective of the vehicle from the front
(or back, depending on how the user 1s removing the
packages, that 1s, from either the front or from the back), one
perspective of the left side of the vehicle and one perspective
of the right side of the vehicle associated with each camera.
The 1image processing CPU 122 may determine where the
driver/delivery person 1s and provide a perspective on the
tablet based on the driver position 1n relation to the package
being delivered. As previously described, identifying the
user position within the area of coverage 1s analogous to
identifying a package.

Additional package delivery data may be gathered using
the present system. For example, the system 100 may track
package movement 1n real time. Therefore, tracking package
movement, especially velocity, can help prevent mistreat-
ment of packages through packages being thrown, dropped,
or placed 1n positions that are not secure and risk having the
packages fall. By tracking packages movement 1n real time
and determining movement velocity, impact through rough
handling can be momtored and reported to improve the
quality of the loading and unloading procedures and to
prevent damage to the packages. In this embodiment, veloc-
ity may be determined by dividing the distance a package
moves by the frame rate 1n which such movement occurs.

FIGS. 6A, 6B, and 6C together show an embodiment of
an 1mage-processing process 600 that uses optical informa-
tion supplemented with depth information to track a pack-
age, product, or item. Specifically, as 1s familiar to one of
ordinary skill in the art, a two-dimensional (2D) optical
image capture device (i.e., a camera) with a single aperture
1s capable of capturing 2D image mformation on a plane
(film, CCD, etc). To acquire three-dimensional (3D) infor-
mation typically requires acquisition of additional data.
Three-dimensional data can be acquired using multiple
cameras or by combining one or more cameras with one or
more depth sensors. Cameras can utilize visible light, inira-
red light, or other optical wavelength ranges. Depth sensors
can be based on infrared, laser or other wavelength emitters
that transmit light to an object, or to a portion of the object.
Depth sensors typically determine the distance to the object,
or to portion of the object, from the light that 1s reflected or
backscattered from the object. Alternatively, depth sensors
can utilize acoustic signals to determine distance. In one
embodiment, depth sensing 1s integrated into the optical
camera, for example, the KINECT™ K000949, although
other devices can be used.

Referring to FIG. 6A, at step 602, frames are acquired
from the camera system. A camera system with depth
sensing capability typically outputs video (e.g., RGB,
CYMG) and depth field information. Video may optionally
be encoded to a well known format, such as MPEG. At step
604, the optical and depth information are stitched together.
Open libraries such as OpenCV or OpenNI (used to capture
depth 1mages) enable the optical and depth mmformation to be
stitched together. Alternatively, a user may develop custom-
1zed software for generating 3D information for object data
generated by optical images and depth sensors.

At step 606, an initial calibration 1s performed 11 a
calibration has not been previously performed. A function of
this mitial calibration, which 1s performed over multiple
image frames, 1s to determine background information both
for 2D optical images and depth sensing. Any motion (e.g.,
people) 1s extracted or 1gnored (step 608) during background
extraction until stable background optical (RGB) and depth
information can be stored (step 610). Calibration may
optionally include creation of a foreground or front-ground
region. This front region limits the data set for analysis to a
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region near shelves where objects of interest (e.g., packages)
are to be located. Calibration may be performed on start-up,
at 1ntervals, be mnitiated by the user, or by the system, for
example, 1f errors are detected.

After calibration 1s complete, the resulting spatial filter
masks are used to extract the “area of interest.” In one
embodiment, this area of interest corresponds to the area
between the background and the foreground, so everything
that 1s not the wall and the shelves (for background) and not
the person 1n front of the shelves, 1s 1gnored. This 1gnoring
of the background and foreground focuses on data within the
depth threshold of the area of interest being monitored.
Alternatively, the “area of interest” can include a different
part of the scene, for example, the foreground in order to see
where the person 1s 1n later recognition steps and can be
expanded or contracted as system requirements dictate. In
general, the area of 1nterest applies to any cut-out of a scene
that 1s to be the focus within which to perform object
tracking.

Multiple 1image frames (e.g., N-1 and N) are obtained
(step 612) and compared (step 614), similarly to that per-
formed 1n process 300 (FIG. 5), although the 1image frames
in the process 600 include depth information 1n addition to
RGB data. Image and depth information can be filtered for
noise and then processed to determine 1 a difference
between two frames exists. This can be done with edge
detection, threshold and difference algorithms, or other
image processing techniques. In the process 600, informa-
tion from the depth sensor i1s also processed to compare
image Irames.

Referring to FIG. 6B, when no image change 1s found
(step 618), that 1s, when depth and optical data remain
substantially unchanged, the process 600 continues with the
next temporal 1images recerved (e.g., N and N+1). When a
change 1s detected, the process 600 determines (step 620)
whether a “background” object has moved. If a background
object has not moved, the process 600 continues with the
next temporal images received (e.g., N and N+1). If a
background object 1s determined to have moved, the system
100 does not have to consider a package for tracking, and
further general tracking continues. In this instance, the
system 100 may go back to the calibration step to establish
a new stable background data set having 2D optical image
and depth information.

In one embodiment, the process 600 compares two frames
of 1mage information for change, ignoring the background/
foreground masks; any actual change 1n the 1image triggers
turther analysis. However, 1t 1s less processing and power
intensive to detect only changes in the “area of interest”
between the background and foreground (i foreground
masking 1s utilized). When the background 1s stable, at step
622 absolute background subtraction 1s performed (likewise
for foreground). This step allows the resulting 3D 1informa-
tion to be processed faster for determining areas of interest
in which one or more new packages may by present.
Absolute 1mage subtraction may be formed using OpenCV
library modules 1n one embodiment, though other alternative
techniques may also be used.

With the background information (and foreground if
applicable) subtracted, the process 600 checks (step 624) for
changes 1n depth of any objects 1n the field of view of the
camera(s) and the measurement field of the depth sensor(s).
If no changes are found and no package has been scanned
(step 626), this indicates that no package has been detected
and the next images are processed (step 602). However, if a
package was scanned (step 626), but no package was
detected, the process 600 can use (step 628) historical
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optical and depth information (or information from an
adjacent wireless tracking system) to register that the last
scanned package has not been located, indicate the last
known location of the package, and inform the user of the
ambiguity.

Referring now to FIG. 6C, 11 at step 624 a change in the
depth of one or more objects has been detected, an area of
interest around that region of change 1s generated (step 630).
In one embodiment, an area of 1nterest 1s generated using a
software module from the OpenCV library, though other
techniques may be employed. Typically, though not neces-
sarily, the area of interest also includes movement 1nforma-
tion or vector information that indicates object motion.

When the area of interest 1s determined, a “point cloud”
1s generated (step 632) using the optic sensor(s) extrinsic
and 1ntrinsic parameters through algorithms for “2D to 3D”
data representation conversion preformed on the RGB and/
or depth 1images obtained and processed through OpenNI
and OpenCV. In one embodiment, the Point Cloud Library
may be used. The object shape and location information
generated from the Point Cloud Library are used to identily
and track a package in three dimensions using edge detec-
tion, color detection, object recognition and/or other algo-
rithms for determining an object within the scene. If object
information 1s 1n the shape of a human, for example, then the
process 600 continues processing further image data and
does not track the human (unless the system 100 tracks user
motion). However, 11 the size, shape or other appearance
information indicates that the object 1s a package, the object
1s recorded as such. The process 600 resolves (step 634) the
identity of a plurality of scanned packages based on this
information by comparing expected package size, shape
and/or appearance attributes (as established by information
associated with scanning a package) with measured infor-
mation. The use of both optical and depth sensing informa-
tion allows the system to calculate package size based on the
3D data generated from the camera images and depth sensor
data. The 1dentity, location and other information (e.g., time
of placement and motion) may be stored at a central server
(e.g., 204 of FIG. 2) for later analysis.

When an object 1s detected and matches a scanned pack-
age 1n size and appearance, the object 1s registered. A variety
ol reasons exist for a detected object not to match a scanned
package. For example, the object may be partially occluded
or a diflerent object may have been substituted. In some
instances, further analysis on subsequent image frames 1s
performed to resolve the object size and appearance. In such
instances, further image processing occurs until the object 1s
identified or marked unidentified (step 636).

The aforementioned description of the process 600 1s with
respect to a positive change 1n an 1image scene: specifically,
a new object 1s located. A “negative change” can also be
detected 1n a similar fashion and occurs when a package 1s
removed from an area of interest. In such a situation, a
difference 1s not mistaking package occlusion as object
removal. Specifically, if a person steps 1n front of a package,
then the system detects the motion and shape of the person.
After the person moves away from the front of the package,
the 1mage processor 122 detects 1f the i1dentified package
was removed. Note that the user typically scans a package
when moving it, so taking a package from a location without
scanning 1t may trigger a flag to the user to scan or identily
the package.

In many situations, a second package may be placed so as
to partially occlude a first registered package. In those
instances, the system 100 looks for evidence based on depth
and size mnformation that the first package 1s still 1 1ts
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original location. Such evidence can be a comer of the
package remaining visible behind the second package. If the
first package 1s fully occluded, but not scanned to indicate 1ts
removal, then the system 100 may be designed to assume the
first package 1s sitting behind the larger second package.

As previously described, the system 100 detects changes
in a field of view to build a database of known packages. The
database 1s used to locate and disregard these registered
packages while looking for identifying new objects being
placed into the field of view. While the registered packages
are “disregarded” when looking for new packages that are
being loaded, they are continually monitored to see 1 they
have moved or been removed.

The process 600 may run continuously or be triggered
upon user startup, detection of motion, or other triggers.
Allowing the system 100 to drop to a lower state of analysis
may be desirable 1n some instances to reduce bandwidth and
power consumption. For example, 11 a delivery vehicle 1s
being loaded, then the system 100 can run at full speed with
processing of images at the maximum rate described by the
camera. However, after loading 1s complete, the system 100
can operate at intervals (for example, by processing images
once every 3 seconds) to conserve power, data storage and
bandwidth while meeting the requirements of the specific
application.

Augmented Package Loading Techniques

Package tracking systems described herein can track
packages within conventional delivery systems wherein
loaders place packages on vehicles according to their per-
ception of proper loading protocols. This perception may
vary by loader, region, delivery vehicle, or other factors.
Such package tracking systems can also be configured to
optimize package loading in addition to delivery. In one
example, the central server 204 (FIG. 2) or image processor
CPU 122 (FIG. 1) may keep a list of all packages intended
for placement on a particular delivery vehicle. In this
example, the package identification information for each
package includes the intended addressee and package size
information. The imntended addressees are used to generate an
order of delivery that may be used to place packages 1n a
specific order 1n the delivery vehicle (e.g., packages to be
delivered first are put 1in a position of easiest access).
Package si1ze may also be a factor affecting package loading.
Heavy or large packages can be located on the floor or an
appropriate (1.¢., low) shell, irrespective of the delivery
order.

In one embodiment, when the loader scans a package and
enters the delivery vehicle with the package, the CPU 122
activates a light that shines on the location for that package.
The location and matching of the package may be confirmed
as previously described. A focused light may be used to
identity the proper loading place for the package. The source
of the light can be the same light as that used to identify a
package for a driver.

In the various embodiments detailed herein, the location
ol a package may be “marked” or indicated 1n a variety of
manners: by projecting light on the package of interest
(unidentified package, package to be delivered, etc.), by
projecting light where the package 1s to be loaded, by
marking the position of the package on a live camera feed of
the cargo bay, 1n a representational view of the cargo bay
with the package location 1dentified, or 1n a projection of the
marking in augmented reality glasses.

As an example of light-based guidance for package load-
ing, consider a system that employs conveyor belts to move
packages 1nside a facility. As the packages are transported on
the conveyor belt they are scanned for 1dentification, either
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by optical, magnetic, or electromagnetic means. After each
package 1s 1dentified, the system continually monitors the
position ol the package as it moves from one area of the
facility to the end destination for transportation vehicle
loading. As packages reach areas for vehicle loading, the
system uses a form of light guidance to help loaders 1dentily
proper vehicle package assignment. For example, 11 a pack-
age 1s assigned to particular truck, that truck could be
assigned a particular color, say blue. The package designated
for the blue truck 1s then illuminated with a blue light,
through LED, laser, or related light guidance means, thus
making package vehicle identification easy for loaders. After
the loader places the package 1n the 1dentified delivery truck,
the package tracking system can detect its presence and
register i1ts location as previously described.

One of ordinary skill in the art will recognize that other
cues (visual, auditory or the like) using various technologies
may be used to mark package location for easy loading,
delivery or tracking of packages.

Augmented Tracking

Various embodiments of the package tracking systems
described herein may benefit from additional tracking tech-
nology. For example, in the bigger areas (e.g., freight, air
cargo, large shipping containers), one may incorporate other
techniques to make tracking more interactive, such as Ultra-
wideband (UWB) or Wireless Lan (including, but not lim-
ited to, 802.11 protocol communications or the like).
Example implementations of techniques for tracking can be
found 1n U.S. patent application Ser. No. 14/614,734, filed
Feb. 5, 2013, titled “Virtual Reality and Augmented Reality
Functionality for Mobile Devices,” the entirety of which 1s
hereby incorporated by reference.

In a package tracking system that augments optical track-
ing with UWB tracking, the driver, the driver’s tablet, the
packages, or all of the above, are actively tracked as
described 1in U.S. patent application Ser. No. 15/041,405,
filed Feb. 11, 2016, tatled *“Accurate Geographic Tracking of
Mobile Devices,” the entirety of which 1s incorporated by
reference herein. In one embodiment, the position of the
driver’s tablet 1s tracked so that the viewpoint from the
tablet’s camera associated with the tablet location and
orientation 1s streamed to the tablet, with digital images
overlaid onto the tablet’s camera view, and 1s used for
navigation or package identification. In this example, as the
tablet camera views a stack ol packages, the accurate
tracking of the physical position and orientation of the tablet
allows the system to overlay a digital image, for example, a
flashing red light, on top of the package that 1s seen by the
tablet camera. In this case, digital images are shown on the
tablet camera view, not projected onto the actual package by
an external light source.

Small delivery (and other delivery modes, like airfreight,
cargo containers) may use of UWB or RF (radio frequency)
to improve positional accuracy tracking for when and where
packages are scanned. The packages may be tracked using
UWB with tags on the packages until a handofl to the
camera for optically tracking inside the delivery vehicle
becomes possible. This 1s a benefit as it reduces or eliminates
the need to do optical image processing 1 the delivery
vehicle, but still provides package ID confirmation and
tracking (which may then also be re-registered via dimen-
sion data inside the delivery vehicle by the cameras).

In addition, cumulative tracking methods (i.e., optics and
UWB) help track the driver and packages. For example, in
dark environments, large environments or in situations
involving other 1ssues with optical coverage, 1t may be
preferable to use UWB or related RF-based tracking to
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identify mnitial package location, and to switch to optical
scanning after package location 1s generally identified. In
such situations, UWB tracking may augment or supplant
optical tracking.

Also, 1n some situations, one may want to track the loader
using a tag physically associated with that person. In such an
environment, one may scan a package and then track the
loader using UWB to make sure the package goes to the
correct delivery vehicle (for instance, they may be loading
multiple trucks) or, 1n other use cases, track the driver as the
driver leaves the delivery vehicle to msure proper delivery
drop off location. In the scenario where a driver 1s being
tracked, the driver i1s tracked as he leaves the delivery
vehicle with the GPS position known either on the delivery
vehicle or on the driver. As the dniver leaves the delivery
vehicle, the driver 1s tracked and when the package 1s
dropped ofl, the package 1s scanned and the position 1n
relation to the delivery vehicle 1s recorded to show proof of
delivery. As described in the aforementioned U.S. patent
application Ser. No. 15/041,405, augmented reality (AR)
glasses can be used to track a driver. In this scenario, the AR
glasses are being tracked by a form of RF tracking, and the
orientation and position of the driver may be determined by
the glasses.

Example implementations of UWB or other wireless
tracking systems are described disclosed in U.S. patent
application Ser. No. 13/975,724, filed Aug. 26, 2013, titled
“Radio Frequency Communication System”, the entirety of
which 1s incorporated by reference herein. Tracking may be
implemented outside the delivery to confirm that a package
that was scanned by glasses or a finger scanner 1s the same
package that gets loaded into the delivery vehicle. In such
scenar1os, a loader scans the package ofl a conveyor belt,
and the loader 1s tracked by the UWB system to ensure that
the package scanned 1s the package placed in the truck or 1s
at the proper loading area of the delivery vehicle. Thereafter,
the optical tracking system tracks packages within the area
ol coverage.

FIG. 7 shows a diagram of an embodiment of a package
tracking system 700 including an optical tracking hub 702
augmented with a radio frequency (RF) positioning system
704. The package tracking system 700 includes a user device
706 and a cloud-based central server system 708. The hub
702 1s deployed 1n an area 710 used to hold packages, assets,
objects, 1tems, or the like, and 1s in communication with the
cloud-based central server system 708 over a wireless com-
munications channel (e.g., cellular) 716. Depending on the
service provider for cellular PHY communications, if the
holding area (e.g., delivery truck) is outside of the service
area, the hub 702 buflers the data, package i1dentification
information, transactions, etc., until the holding area comes
into range of a facility with secure Wi-Fi1 (1.e., provided, for
example, by the package delivery company). For purposes
of enabling customers to push or pull data from the cloud-
based central server system 708, the hub provides a “Cloud”
API (application program interface).

The RF positioning system 704 includes four RF nodes
712-1, 712-2, 712-3, and 712-4 (generally, 712) and an RF
tag 714. The RF positioming system 704 operates to track the
position of the RF tag 714, which can be athixed to the
package or worn by personnel, such as a driver or package
loader. In general, the RF nodes 712 provide an interface
over Wi-Fi to the user device 706. The RF nodes 712 are 1n
communication with the user device 706 via Wi-F1, and the
user device 706 1s 1n communication with the hub 702 via
Wi-F1; 1n effect, the hub 702 provides an ad hoc Wi-Fi
hotspot to the user device 706 and RF nodes 712.
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The user device 706 1s any computing device capable of
running applications and wireless communications.
Examples of the user device 706 include, but are not limited
to, tablets and smart phones. The user device 706 can be in
communication with the hub 702 over a wireless commu-
nications link 718, with the server system 708 over a
wireless communications link 720, or both. An example
implementation of the commumication links 718, 720 1is
Wi-F1.

The area 710 for holding assets can be stationary or
mobile. A stationary holding area can be disposed anywhere
along the delivery chain, from a warehouse to a package
delivery center. Examples of stationary holding areas
include, but are not limited to, package rooms, closets,
warchouses, mventory rooms, storage rooms, and trailers.
Examples of mobile holding areas include, but are not
limited to, delivery trucks, tractor trailers, railway cars,
shipping containers, and airplane cargo bays. Each holding
area (1.¢., each facility, truck, etc.) 1s equipped with an
optical tracking hub 702. An example of a delivery truck
than can be equipped with an optical tracking hub 702 1s the
standard Ford® P1000.

The RF tag 714 1s 1n communication with the user device
706 over a wireless communication link 722, for example,
Bluetooth, and with the RF nodes 712 by way of RF signals
724.

During operation, 1n general the hub 702 provides interior
tracking (e.g., inside a delivery vehicle) of a package using
optical techniques and the RF positioning system 704 pro-
vides exterior tracking (e.g., outside of the delivery vehicle)
of the RF tag 714 using RF signals. In one embodiment, the
user device 706 directly communicates with the server
system 708 (e.g., in the cloud). In another embodiment, the
user device 706 provides data to the hub 702, and the hub
702 communicates with the server system 708. In this
embodiment, any feedback information from the server
system 708 goes through the hub 702, which communicates
such information to the user device 706 by Wi-Fi.

FIG. 8 1s a schematic for an embodiment of a package
tracking system 800 including a holding areca 802, config-
ured for optical tracking and augmented with RF tracking, in
communication with a hub and power subsystem 804. The
holding area 802 includes four RF nodes 806-1, 806-2,
806-3, 806-4 (generally, 806) with antennae, three cameras
(with depth sensors) 808-1, 808-2, 808-3 (generally, 808),
and an optional monitor or display device 810 (e.g., an
HDMI video display, with or without a speaker) to provide
a visual status of the system 800. In one embodiment, the
three cameras 808 are USB3-based. Each RF node 806,
camera 808, and display device 810 1s connected to a power
bus 812 (e.g., a 12 VDC). The holding area 802 can also
include a light projector (not shown) to shine focused light,
or a particular color light, on the location within the area, to
show personnel where a particular package can be currently
found or where a particular package being loaded should be
placed.

The hub and power subsystem 804 includes an image
processor 814, a power subsystem 816 connected to a power
source 818, and an optional charger 820. The power sub-
system 816 provides power to the image processor 814 and
charger 820 by the power bus 814. In one embodiment, the
power source 818 1s a battery (e.g., 12 VDC, 55 aH). An
accessory power source 838 1s connected to the power
subsystem 816. In communication with the image processor
814 1s a cellular antenna 822, a GPS antenna 824 and a Wi1-Fi
antenna 826. The image processor 814 1s also 1n communi-
cation with the cameras 808 by communication links 828
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and with the optional display device 810 by communication
link 830. Also shown are the user device 832, RF tag 834,

and scanner 836. An optional light projector external to the
holding area 802 (not shown) can be used to shine light on
a package belore the package 1s loaded, for purposes of
guiding a loader to the location where the package 1s to be
loaded (e.g., a particular delivery truck).

In one embodiment, the 1image processor 814 1s 1mple-

mented with a bCOM6-1.1400 Express Module produced by
General Electric of Fairfield, CT The interfaces of the image
processor 814 include: at least three USB3 ports for con-
necting to the cameras 808 and a USB2 port for connecting
to an optional light-projector gimbal; an HDMI port for
connecting to the display device 810; an integral GPS unit

with the external GPS antenna; a cellular PHY card/interface
(e.g., LTE, GSM, UMTS, CDMA or WCDMA, or WIMAX)
with a cellular antenna jack (for an appropriate multiband
cellular antenna operating at 800-950 MHz, 1800-1900,
1900-2000, 2100-2200 MHz bands, and can be a diflerent
physical antenna depending on the cellular PHY provider
chosen for the given area) to enable a wireless connection to
a cellular data service provider; and a Wi-F1 module with a
Wi-F1 antenna jack (the antenna 1s omni-directional, pro-
viding 500 m of range, and operating over the 2400-2480
MHz range).

The holding area 802 can be stationary or mobile. For a
mobile holding area 802, such as a delivery truck, the RF
nodes 806 can be mounted externally on the roof of the cargo
area at the four corners, with the cameras 808 and display
device 810 mounted internally within the holding area 802.
All of the cameras 808 are mounted near the ceiling of the
truck box, facing towards the back of the truck, one camera
at each front corner of the truck box, with the third camera
at the front of the truck box disposed between the other two
cameras. The cellular antenna 822 and Wi-F1 antenna 826
are mounted inside the truck and the GPS antenna 824 is
mounted on the roof. In addition, a standard small form
factor 2-axis gimbal can be mounted to the ceiling or rafter
of the truck box. The gimbal provides azimuth (180 degree)
and elevation angle (90 degree) positioning of the optional
interior light projector (e.g., a laser pointer), which can be
turned on and off. A USB2 mterface of the image processor
to a light projector sets the azimuth, elevation, and on/ofl
state of the light.

The hub and power subsystem 804 can be placed within
the cab of the truck, for example, behind the driver’s seat.
The system 800 1s not attached directly to the vehicle DC
power terminals, or directly to the battery of the vehicle, to
avoild draining the battery of the delivery vehicle. Power
subsystem 818 can connect to the accessory power 838 of
the vehicle on a fuse. When the delivery vehicle 1s parked
and ofl, the accessory power 838 1s turned ofl, and the
system 800 runs on the internal battery 818. The battery 818
thus ensures that when the delivery vehicle 1s off (such as
during package loading) the various components of the
system 800 remain powered. When the vehicle 1s 1dling or

in motion, the system 800 charges the battery 818. The
power subsystem 818 also provides 12 VDC and 5 VDC

dedicated for the RF Nodes 806 and the cameras 808.

For a stationary holding area 802, the RF nodes 806 can
be mounted externally near an entrance to the arca 802, with
the cameras 808 and display device 810 1nstalled inside. The
hub and power subsystem 804 can also be installed 1nside or
outside of the holding area 802. For a stationary holding area
802, the cellular antenna 822 and GPS antenna 824 are
optional.
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A schematic diagram, as shown 1n FIG. 8, without the RF
nodes 806 and RF tag 834, can illustrate an embodiment of
a package tracking system that 1s not augmented with RF
tracking.

As will be appreciated by one skilled 1n the art, aspects of
the systems described herein may be embodied as a system,
method, and computer program product. Thus, aspects of the
systems described herein may be embodied 1n entirely
hardware, 1n entirely software (including, but not limited to,

firmware, program code, resident software, microcode), or
in a combination of hardware and software. All such
embodiments may generally be referred to herein as a
circuit, a module, or a system. In addition, aspects of the
systems described herein may be in the form of a computer
program product embodied 1n one or more computer read-
able media having computer readable program code embod-
ied thereon.

Any combination of one or more computer readable
medium(s) may be utilized. The computer readable medium
may be a computer readable signal medium or a computer
readable storage medium. The computer readable medium
may be a non-transitory computer readable storage medium,
examples of which include, but are not limited to, an
clectronic, magnetic, optical, electromagnetic, infrared, or
semiconductor system, apparatus, or device, or any suitable
combination thereof.

As used herein, a computer readable storage medium may
be any tangible medium that can contain or store a program
for use by or in connection with an instruction execution
system, apparatus, device, computer, computing system,
computer system, or any programmable machine or device
that inputs, processes, and outputs instructions, commands,
or data. A non-exhaustive list of specific examples of a
computer readable storage medium include an electrical
connection having one or more wires, a portable computer

diskette, a tloppy disk, a hard disk, a random access memory
(RAM), a read-only memory (ROM), a USB flash drive, an

non-volatile RAM (NVRAM or NOVRAM), an erasable
programmable read-only memory (EPROM or Flash
memory), a flash memory card, an electrically erasable
programmable read-only memory (EEPROM), an optical
fiber, a portable compact disc read-only memory (CD-
ROM), a DVD-ROM, an optical storage device, a magnetic
storage device, or any suitable combination thereof.

A computer readable signal medium may include a propa-
gated data signal with computer readable program code
embodied therein, for example, in baseband or as part of a
carrier wave. Such a propagated signal may take any of a
variety of forms, including, but not limited to, electro-
magnetic, optical, or any suitable combination thereof. A
computer readable signal medium may be any computer
readable medium that 1s not a computer readable storage
medium and that can communicate, propagate, or transport
a program for use by or in connection with an 1nstruction
execution system, apparatus, or device. As used herein, a
computer readable storage medium 1s not a computer read-
able propagating signal medium or a propagated signal.

Program code may be embodied as computer-readable
instructions stored on or 1n a computer readable storage
medium as, for example, source code, object code, interpre-
tive code, executable code, or combinations thereof. Any
standard or proprietary, programming or interpretive lan-
guage can be used to produce the computer-executable
instructions. Examples of such languages include C, C++,
Pascal, JAVA, BASIC, Smalltalk, Visual Basic, and Visual
C++.

5

10

15

20

25

30

35

40

45

50

55

60

65

22

Transmission of program code embodied on a computer
readable medium can occur using any appropriate medium
including, but not limited to, wireless, wired, optical fiber
cable, radio frequency (RF), or any suitable combination
thereof.

The program code may execute enfirely on a user’s
device, partly on the user’s device, as a stand-alone software
package, partly on the user’s device and partly on a remote
computer or entirely on a remote computer or server. Any
such remote computer may be connected to the user’s device
through any type of network, including a local area network
(LAN) or a wide area network (WAN), or the connection
may be made to an external computer (for example, through
the Internet using an Internet Service Provider).

Additionally, the methods described herein can be imple-
mented on a special purpose computer, a programmed
microprocessor or microcontroller and peripheral integrated
circuit element(s), an ASIC or other integrated circuit, a
digital signal processor, a hard-wired electronic or logic
circuit such as discrete element circuit, a programmable
logic device such as PLD, PLA, FPGA, PAL, or the like. In
general, any device capable of implementing a state machine
that 1s 1n turn capable of implementing the proposed meth-
ods herein can be used to implement the principles described
herein.

Furthermore, the disclosed methods may be readily
implemented 1n software using object or object-oriented
soltware development environments that provide portable
source code that can be used on a variety of computer or
workstation platforms. Alternatively, the disclosed system
may be implemented partially or fully in hardware using
standard logic circuits or a VLSI design. Whether software
or hardware 1s used to implement the systems 1n accordance
with the principles described herein i1s dependent on the
speed and/or efliciency requirements of the system, the
particular function, and the particular software or hardware
systems or miCroprocessor or microcomputer systems being,
utilized. The methods illustrated herein however can be
readily implemented in hardware and/or software using any
known or later developed systems or structures, devices
and/or software by those of ordinary skill in the applicable
art from the functional description provided herein and with
a general basic knowledge of the computer and image
processing arts.

Moreover, the disclosed methods may be readily imple-
mented 1n software executed on programmed general-pur-
pose computer, a special purpose computer, a miCroproces-
sor, or the like. In these instances, the systems and methods
of the principles described herein may be implemented as
program embedded on personal computer such as JAVA® or
CGlI script, as a resource residing on a server or graphics
workstation, as a plug-in, or the like. The system may also
be implemented by physically incorporating the system and
method 1nto a software and/or hardware system.

While the atorementioned principles have been described
in conjunction with a number of embodiments, it 1s evident
that many alternatives, modifications, and vanations would
be or are apparent to those of ordinary skill in the applicable
arts. References to “one embodiment” or “an embodiment™
or “another embodiment” means that a particular, feature,
structure or characteristic described in connection with the
embodiment 1s included in at least one embodiment
described herein. A reference to a particular embodiment
within the specification do not necessarily all refer to the
same embodiment. The features illustrated or described 1n
connection with one exemplary embodiment may be com-
bined with the features of other embodiments. Accordingly,
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1t 1s intended to embrace all such alternatives, modifications,
equivalents, and variations that are within the spirit and
scope of the principles described herein.
What 1s claimed 1s:
1. A package tracking system, comprising:
a data acquirer configured to acquire package information
associated with a package being placed 1 a holding
area;
at least one optical sensor disposed 1n or near the holding
area to capture an image of the package being placed 1in
the holding area; and
at least one processor configured to detect 1n the 1image a
presence of an item at a location 1n the holding area, the
at least one processor being configured to:
identify the 1tem appearing in the 1image as the package
associated with the acquired package information 1t
a comparison between image data acquired from the
image ol the item and the acquired package infor-
mation associated with the package satisiy a criterion
between the 1mage data and the acquired package
information to confirm that the item appearing in the
image 1s the package associated with the acquired
package information, and

register the package as currently being at the location in
the holding area where the 1tem appeared 1n response
to the comparison satistying the criterion, the pack-
age tracking system further comprising:

a light source 1n the holding area, and wherein the at least
one processor 1s further configured to cause the light
source to produce light on or near the location 1n the
holding area where the package 1s being placed, before
or after the package is placed in the holding area.

2. The system of claim 1, wherein the holding area 1s

within a delivery vehicle.

3. The system of claim 1, wherein a color of the light on
the package or near the location of the package operates to
guide placement of the package in the holding area.

4. The system of claim 1, wherein light on the package or
near the location of the package operates to show where in
the holding area the package resides.

5. The system of claim 1, wherein the at least one
processor 1s further configured to communicate with a user
computer, to display a real-time view of the holding area on
a view screen ol the user computer, and to show the
registered location of the package on the real-time view
displayed on the view screen of the user computer using an
augmented reality marking.

6. The system of claim 1, wheremn the at least one
processor 1s further configured to communicate with a user
computer, to display a graphical representation of the hold-
Ing area on a view screen of a user computer, and to show
the registered location of the package on the graphical
representation of the holding area with a representation of
the package.

7. The system of claim 1, wherein the at least one
processor 1s configured to track movement within the hold-
ing area of the package.

8. The system of claim 1, wherein the at least one optical
sensor 1s configured to capture images at intervals, and the
at least one processor 1s configured to acquire and associate
image data in the 1images captured at these intervals with the
package information associated with the package in real
time.

9. The system of claim 1, further comprising at least one
depth sensor disposed to view the holding area; and wherein
the at least one processor 1s configured to generate three-
dimensional 1image data of the holding area based on two-
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dimensional 1images of the holding area received from the at
least one optical sensor and depth images of the holding area
received from the at least one depth sensor.

10. A package tracking system, comprising:

a data acquirer configured to acquire package information
associated with a package being removed from a hold-
Ing area;

at least one optical sensor disposed 1n or near the holding,
area to capture an image of the package being removed
from the holding area; and

at least one processor configured to 1dentily a registered
location of the package in the holding area in response
to the acquired package information, to detect in the
image removal of an 1tem from a position in the holding
area, to satisfy a criterion between the image and the
acquired package information to confirm that the item
appearing in the 1mage 1s the package associated with
the acquired package information, and to confirm
proper removal of the package from the holding area 1
the position from which the i1tem 1s removed and the
registered location of the package match, the system
further comprising:

a light source 1n the holding area, and wherein the at least
one processor 1s further configured to cause the light
source to produce light at the registered location of the
package to guide a person at the holding area to remove
the package.

11. The system of claim 10, wherein the data acquirer
includes an augmented reality device that reads markings of
the package information.

12. The system of claim 10, wherein the at least one
processor 1s further configured to communicate with a user
computer, to display a streamed real-time view of the
holding area on a view screen of the user computer, and to
show the registered location of the package in the real-time
view displayed on the view screen of the user computer
using an augmented reality marking.

13. The system of claim 10, wherein the at least one
processor 1s Turther configured to communicate with a user
computer, to display a graphical representation of the hold-
Ing area on a view screen ol the user computer, and to show
the registered location of the package on the graphical
representation of the holding area with a representation of
the package.

14. A method of loading of a package into a holding area,
the method comprising the steps of:

acquiring package information associated with a package
being placed 1n the holding area;

acquiring, by: (1) multiple cameras, (1) at least one
camera and at least one depth sensor, or (111) at least one
camera including multiple sensors, three-dimensional
(3D) image information of the holding area;

determiming a location in the holding area for placing the
package based on the package information associated
with the package and the 3D 1mage information of the
holding area;

providing guidance to the location in the holding area for
placing the package;

detecting, by a computer processor, 11 an 1mage a pres-
ence ol an 1tem at the location 1n the holding area,
wherein the 1tem appearing in the 1image 1s unidentified
as the package associated with the acquired package
information when the presence of the 1tem 1s detected;

identifying the item appearing in the image as the package
associated with the acquired package information 1n
response to a comparison between image data acquired
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from the image of the item and the acquired package
information associated with the package satistying a
criterion; and

registering the package as currently being at the location

in the holding area where the 1item appeared 1n response
to the comparison satistying the criterion.

15. The method of claim 14, wherein the step of providing
guidance to the location 1n the holding area for placing the
package includes the step of i1lluminating the location in
response to acquiring the package information.

16. The method of claim 14, wherein step of providing
guidance to the location 1n the holding area for placing the
package includes the steps of:

displaying a streamed real-time view or a static image of

the holding area on a view screen of a user computer;
and

showing the location of the package in the streamed

real-time view or static image displayed on the view
screen ol the user device using an augmented reality
marking.

17. The method of claim 14, wherein the holding area 1s
within a delivery vehicle.

18. The method of claim 17, further comprising the steps
of:

determining a destination of the package based on the

acquired package information;

designating the package for loading on the delivery

vehicle based on the determined destination;
associating the delivery vehicle with a color; and
illuminating the package with light of the color associated
with the delivery vehicle to guide loading of the
package onto that delivery vehicle.
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